Background: Prenatal tests are important for prevention of vertical transmission of various infectious agents. The objective of this study was to describe the prevalence of human immunodeficiency virus (HIV), human T-lymphotropic virus (HTLV), hepatitis B virus (HBV), cytomegalovirus (CMV), rubella virus and vaccination coverage against HBV in pregnant adolescents who received care in the city of Belém, Pará, Brazil. Methods: A cross-sectional study was performed with 324 pregnant adolescents from 2009 to 2010. After the interview and blood collection, the patients were screened for antibodies and/or antigens against HIV-1/2, HTLV-1/2, CMV, rubella virus and HBV. The epidemiological variables were demonstrated using descriptive statistics with the G, χ 2 and Fisher exact tests.
Background
Some infectious agents, including human immunodeficiency virus (HIV), human T-lymphotropic virus (HTLV), human cytomegalovirus (CMV), hepatitis B virus (HBV) and rubella virus, are of great importance in the context of pregnancy due to the possibility of transmission from the woman to the baby during the gestational period, at the time of delivery and through breastfeeding [1] [2] [3] [4] . Therefore, knowledge of the serological statuses of women is fundamentally important for the provision of good prenatal care to ensure that the necessary measures are taken to avoid the vertical transmission of these agents.
In Brazil, 99,804 pregnant women were infected with HIV as of June 2016, of whom 7.4% were residents of the northern region. The state of Pará showed an increasing trend in HIV detection rates in pregnant women between 1995 and 2015 and reported 2980 cases by 2016. In Brazil, the majority of pregnant women living with HIV/AIDS are between 20 and 24 years of age, and only 15.5% are between 10 and 19 years of age [5] .
Approximately 20 million people worldwide are estimated to be infected with HTLV-1 or HTLV-2 [6] . In Brazil, the prevalence rates of HTLV-1/HTLV-2 infections in pregnant women are generally low. The prevalence is approximately 0.1% in the state of Mato Grosso do Sul [7, 8] , approximately 0.1% in the city of Botucatu, São Paulo [9, 10] , approximately 0.66% in Rio de Janeiro [10] , approximately 0.3% in the state of Maranhão and approximately 1.5% in Bahia, which is the area with the highest prevalence in the country [11] . In the northern region of Brazil, the prevalence of HTLV-1/HTLV-2 infection varies from 0% in the state of Amazonas [12] to 0.3% in the state of Pará [13] .
The prevalence of anti-CMV IgG antibodies in pregnant women is high in Brazil (97.0%) [14] and various regions of the world (91.3-99.5%) [15, 16] . However, CMV infection is still one of the most common causes of congenital malformation [17] . In Brazil, the diagnosis of acute rubella infection in pregnant women is very low [7, 18] due to the efficacy of the vaccine [19] and periodic vaccination campaigns.
Vertical transmission of HBV is also an important public health problem, mainly due to the increased risk of chronification of infection in children, especially if the mother has the HBV e antigen (HBeAg) and HBV surface antigen (HBsAg) markers during pregnancy or at the time of delivery [20, 21] . Thus, knowledge of the serological status for the virus has great relevance for the clinical management of these women during the gestational period.
In Brazil, several studies have reported the prevalence rates of HIV, HTLV, CMV, HBV and rubella in general populations of pregnant women [12, 18, 22, 23] . However, epidemiological information about these agents is still scarce in Brazil. No data are available for pregnant adolescents in the northern region of Brazil. Thus, an evaluation of the seroprevalence of these pathogens in pregnant adolescents is important to assess their early circulation and the rate of vaccine coverage against rubella and HBV.
The aim of the present study was to describe the seroprevalence rates of HIV, HTLV, HBV, CMV and rubella virus infections and to determine the vaccination coverage against HBV in pregnant adolescents who received care in the city of Belém, capital of the state of Pará, Brazil.
Methods

Type of study and ethical aspects
The present study is descriptive, cross-sectional and observational. The study was approved by the Human Research Ethics Committee of the Instituto Evandro Chagas under number 13/2009 . The participants and their legal guardians were informed about the study objectives. After the adolescents and their legal guardians agreed to participate in the research, they signed a consent form and then answered an epidemiological questionnaire via a confidential structured interview. The questionnaire contained questions regarding age, place of birth and current residence, years of education, school dropout, age at first intercourse, condom use and age of the partner. Additionally, the vaccination card of the pregnant adolescents was evaluated to determine whether they had received the HBV vaccine.
Sample size
The sample size determination was based on the estimated prevalence of viral infections in the general population. An estimated prevalence of 0.35% for HIV, 90% for CMV, 10% for HBV and 0.85% for HTLV resulted in a minimum sample size of 301 pregnant women. The sample error (ε) assumed in the present calculation was 5%, and a test power of 80% was established. Adolescents ranging between 12 and 18 years of age at any stage of pregnancy and of any religion, ethnicity, and origin who agreed to participate in the study were included. Pregnant women under 12 and over 18 years of age were excluded, as were those who had known serology results for the agents studied or who did not agree to participate.
Serology
A 10-mL aliquot of peripheral blood was collected from each participant and placed in a tube containing ethylenediaminetetraacetic acid (EDTA) as an anticoagulant. The samples were transported to the Virology Laboratory of the Biological Sciences Institute (Instituto de Ciências Biológicas -ICB), Federal University of Pará (Universidade Federal do Pará -UFPA). Plasma and formed elements were separated by centrifugation at 8944 g for 10 min, transferred to an Eppendorf tube and frozen at − 20°C prior to the serological and molecular biology analyses.
Anti-HIV antibody screening was performed using the ELISA method (Tetra Elisa kit, Biotest AG, Dreiech, Germany). The reactive samples were confirmed using the microparticle enzyme immunoassay method (MEIA, Abbott Axsym™ System, HIV-1/2, Abbott GmbH, Weisbaden, Delkenheim, Germany), followed by confirmation by indirect immunofluorescence (BioManguinhos Fiocruz, Brazil).
Screening for anti-HTLV-1/HTLV-2 antibodies was performed using an ELISA immunoenzymatic assay (HTLV-1 + 2 Ab-Captures ELISA Test System; Ortho Clinical Diagnostic Inc., New Jersey, USA). Reactive samples were confirmed using nested PCR as previously described [24] .
Serology for the HBsAg, HBV surface antibodies (anti-HBs) and total anti-HBc markers was performed by ELISA (ETI-AB-AUK-3, DiaSorin, Saluggia, Italy and ETI-MAK-2. PLUS, Diasorin, Italy). Samples that showed reactivity to total anti-HBc were tested for the presence of anti-HBc IgM. The detection of IgM and IgG for CMV and rubella virus was performed by ELISA (DiaSorin, Saluggia, Italy).
Statistical analysis
The Chi-square test (χ 2 ), G-test and Fisher's exact test were used to assess differences in proportions between the reactivity to the tested agents and the sociodemographic and epidemiological variables of the adolescents, including age, level of education, use of condoms during sexual intercourse and age of partner. Results with p < 0.05 were considered significant.
Results
The Table 1 presents the characteristics of pregnant adolescents. The mean age of the pregnant adolescents was 15.8 years (range from 12 to 18 years). The majority was between 15 and 18 years of age, lived in the capital of the state of Pará, had less than 6 years of education and continued to study. Regarding the onset of sexual activity of the adolescents, the mean age at first intercourse was 14.4 years and the mean age of the partners at first intercourse was 19.8 years. The frequency of male condom use in sexual intercourse is low and few participants were previously vaccinated against HBV according vaccination cards of the adolescents.
The prevalence of HIV-1 infection was 0.3% (1/324). This adolescent was 17 years old, from the city of Belém, had 6 years of education and reported that she had dropped out of school when she found out about the pregnancy. Her first sexual intercourse was at age 14 without the use of a male condom and was with a 20-year-old sexual partner; both were users of non-injectable drugs.
Regarding sexual practices, the adolescent reported a daily frequency of sexual intercourse and sporadic anal sex. She mentioned having had two sexual partners, one of whom was a non-injectable drug user from another state in Brazil. For HTLV, the prevalence of infection was 0.6% (2/324). These two adolescents were 15 and 16 years of age and in the first trimester of their first pregnancy. The younger woman resided in the municipality of Gurupá in the interior of the state of Pará, was married and had 8 years of education, whereas the other was single, had 6 years of education and resided in the city of Belém, also in Pará.
Regarding hepatitis B infection, 0.6% (2/324) of the adolescents presented recent infection (HBsAg and anti-HBc IgM positive), and only 16.7% (54/324) showed vaccine immunity to HBV (presence of isolated anti-HBs). A history of previous HBV infection was observed in 9.9% (32/324) of the adolescents (presence of total anti-HBc and anti-HBs); however, most of the adolescents (72.8%, 236/324) presented a serological profile of susceptibility to the virus. This finding was in agreement with the observations from the vaccination cards of the adolescents, which indicated that 70.4% of the participants were not previously vaccinated.
The statistical analysis showed no differences in proportions between the participants who were reactive and nonreactive for total anti-HBc according to the age group (Fisher's exact test; p = 0.56); however, we observed a difference in the proportions between the groups according to the age of the sexual partner (G test, p = 0.01) and the use of condoms in sexual intercourse (p = 0.01). We also observed that the age of the adolescents (χ 2 , p = 0.01), the level of education (G test, p = 0.02) and the age of the sexual partner (G test, p = 0.02) were factors that influenced the proportion of adolescents who were positive and negative for anti-HBs (Table 2) .
Regarding CMV, 2.2% of the adolescents had antiIgM positive, 96.3% had only IgG antibodies, and only 1.5% did not present either of the two antibodies. Most of the participants presented rubella IgG (92.3%), and no acute infection by this agent was observed. No significant difference in any of the categorical variables assessed in the study was observed in the proportions of individuals who tested positive and negative for anti-CMV IgM (Table 2) . 
Discussion
The present study reported for the first time the serological profiles for HTLV, HIV, HBV, CMV and rubella in pregnant adolescents who received care in the city of Belém, Pará, northern region of Brazil. Although the prevalence of HTLV in the study population (0.6%) was within the range previously observed in other populations in the state of Pará [24, 25] , we considered the prevalence high compared to other studies performed in pregnant women in the state of Pará [13] and other locations in Brazil, including Manaus [12] , Maranhão [26] , Paraná [18] and Maceió [23] . This finding is worrying because it indicates early contact of young women with an agent whose screening is not included in the prenatal tests and whose main forms of transmission include breastfeeding. Notably, one of the adolescents resided in the capital and another in the interior of the state of Pará, which indicated a need for greater epidemiological surveillance of this agent in prenatal services throughout the state. A different scenario was observed for HIV-1, since the prevalence of infection in pregnant adolescents in Pará (0.3%) was similar to the prevalence found in pregnant women in the state of Amazonas [12] ; this result confirmed a low incidence of infection in the northern region of Brazil. Our results are in agreement with data from the Ministry of Health that note a higher number of cases of HIV-1 infection in women between the ages of 20 and 24 years [5] . In Brazil, other studies in non-adolescent pregnant women demonstrated a low seroprevalence of HIV-1 infection [7, 23, 27, 28] , which differed from reports from other developing countries, where the prevalence of infection was greater than 5% [29] [30] [31] .
Regarding serology for HBV, almost 10% of the adolescents in the present study had a profile of virus infection. This early contact with the virus has also been observed in several regions of Brazil [32] . The prevalence of recent HBV infection (0.6%) was low in the study population; however, most adolescents (83.3%) presented a serological profile of susceptibility to HBV infection, with an absence of anti-HBV antibodies. This finding indicates the need for greater epidemiological surveillance for HBV in this population of pregnant women. This surveillance should aim to increase vaccination coverage to avoid neonatal or vertical infection by this viral agent, which is associated with a greater probability of chronification of infection and the development of hepatic cirrhosis and hepatocellular carcinoma in infected children.
A low prevalence of HBV in the population of pregnant women has also been observed in several other regions of Brazil [18, [32] [33] [34] and other countries [35] . These prevalence rates were much lower than the prevalence rates found in pregnant women in Asian [36, 37] and African countries [38, 39] . No case of coinfection between HIV, HTLV and HBV was observed in the adolescents participating in the present study. Additionally, we observed that the presence of anti-HBs might be related to the age of the adolescent, the level of education and the age of the sexual partner, and the presence of anti-HBc was influenced by the non-use of condoms in sexual intercourse and the partner's age. In Brazil, few studies have associated epidemiological variables with serological markers of HBV infection other than HBsAg. In Maranhão, the presence of anti-HBc was associated with the level of education in pregnant women in general [40] , but no association was observed in other Brazilian states, including Goiás [34] and Espírito Santo [41] . This finding indicates the need for better monitoring of these markers for the implementation of public policies to combat HBV. There are some limitations in this study specially in relation to hepatitis markers, such as anti-HBe, anti-HCV and anti-HDV which were not included in the present project due to lack of financial resources, however, in our future studies we will address these limitations.
Few studies have investigated the prevalence of CMV in the population of pregnant adolescents in Brazil. The present article is the first to report the high seroprevalence of anti-CMV IgG in pregnant adolescents from Pará (96.3%), which is similar to observations in pregnant women aged 12 to 19 years in Ribeirão Preto [14] and pregnant women in general from Mato Grosso do Sul [7] , Espírito Santo [42] and developing countries [43, 44] . However, a higher percentage (2.2%) of pregnant adolescents in our study presented anti-CMV IgM (reactivation, reinfection or recent infection) compared to pregnant women from Mato Grosso do Sul (0.05%), where the age group was older [7] . This scenario is worrying, because CMV is one of the main infectious agents associated with congenital malformation. Thus, pregnancy at an early age carries a higher risk of infection and consequent vertical transmission of CMV.
No pregnant adolescent with acute rubella infection was detected, but 7.7% of the adolescents were susceptible to the virus, which reinforced the need for rubella vaccination campaigns to achieve greater coverage in Brazil and avoid the onset of congenital rubella syndrome. Similar results were reported in other regions of Brazil [7, 45, 46] .
Our study had some limitations, such as the short time period for data collection and the impossibility of finding a statistical association between the presence or absence of infection with HIV or HTLV and acute infection with HBV or rubella virus based on epidemiological data, including the age, condom use and age at first intercourse, due to the low number of participants who presented positive serology for any of the evaluated markers. This shortcoming can most likely be overcome by increasing the sample size in future studies.
Conclusions
In conclusion, the prevalence of HIV, HTLV and HBV infection was similar to the prevalence rates reported in other states of Brazil and showed early contact of adolescents with some agents of parenteral transmission. Acute rubella infection was not observed; however, the occurrence of CMV infection (recent or reativaction) was higher than reported in pregnant women in general in Brazil, demonstrating the importance of prenatal follow-up from the beginning of pregnancy to reduce the onset of congenital cytomegalovirus. Finally, we found that the majority of adolescents were susceptible to HBV infection, which reinforced the need for public policies aimed at intensifying the immunization of this specific population against HBV due to the high rate of infection chronicity in children infected at birth or in the first year of life. 
